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PREFACE 
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design of the experiment, to the Westinghouse group, particularly Frank 
McNally, Joe Ramsey and Bill King, for their excellent support in the many 
test and checkout activities and to Bob Wales of GSFC and his associates 
who saw the experiment through from beginning to end. Paul McKowan of 
GSFC is providing excellent support in the data acquisition phase of this 
work. Mrs. Ten B<rcker wrote the data analysis program which we have 
used to date. 

This work was supported primarily by the t.I. S. Air Force Space and 
Missiles Organization Contract F04701 -74-C-0075 with Aerospace Corp- 
oration. Portions of the data analysis efforts were supported under NAS/ 
Contract NASW-2762. 
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I. 


INTRODUCTION 


The region o* space near the synchronous altitude is a fascinating 
region of space where various domains of the magnetosphere meet and 
interact. Figure 1, taken ft m the work of Frank (1971), graphically 
illustrates the confluence of the plasmapause, the extra-terrestrial ring 
current, the boundary of the zot.e of energetic particles and the earthward 
terminus of the plasma sheet in the immediate vicinity of 6.6 R^. The 
study of the interaction of the various plasmas with vastly different densities 
and temperatures and the energization and dynamics of these plasmas are 
t.he goals if the Environmental Measurements Experiments (Eiv'.E) on ATS-6. 

The Aerospace experiment described in this paper contributes to these 
goals through measurements of the high energy tail of the electron distribution 
function. Our experiment covers the energy range, for electrons, from 140 
keV to greater than 3. 9 MeV, and we expect our experiment to yield impoi - 
tant result? regarding the acceleration and dynamics of the energetic electrons. 
While previous measurements (see the compilations by ' e and I ucero (1967), 
and Singley and Vette(1972)) have contributed a great deal information re- 
garding the beliavior of energetic electrons at the synchronous altitude, com- 
prehensive measurements, such as those being made on ATS-6 of the entire 
distribution function for a given particle species has never been made. 

Not shown in Fig. 1, but also present in >his region of space during so' ir 
particle events, are energetic protons and alpha particles (and possible elec- 
trons) of solar origin. These solar particles may penetrate to altitudes as low 
as 4 R^ (depending on particle rigidity and magnetic activity) but, in general, 
the gradient of solar protons is located somewhere in the vicinity of 6. 6 R^. 

The Aerospace experiment measures the fluxes and spectra of solar particles 
reaching the synchronous orbit. (The proton thresholds of this experiment are 
too high to permit the detection of the proton component of the trapped radiation.) 

The sections below describe the instrumentation in some detail and provide 
examples of results obtained during the first year of the operation of ATS-6. 
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Fig. 1. Spatial relationships ni-ar the symhrorious orbit at local 
midnight between the ring torrent, the plasmapause, the 
energetic particle trapping boundary anti the earthwartl 
terminus of the plasma sheet. This figure is qualitative 
and representive of magnetii quiet (frtim Frank. 197 1). 
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M, ORSCRIF TION OF TUF EX F Fill MEN 1 

A. Fhysical and ElfCtronir C onfi gu ra t io;i 

The instrument consibcs of four separate sensors, >ine tvA/o 
detector element telescope and three omnidirectional single detector units. 

An ovi;rall view of the instrument is presented in Figure <i; a functional 
schematic of the electronics is presented in F' ;ure 3. 

The counter telesc^^pe uses silicon s u r fac e - bar r ie r detectors of 
ORTEC manufacture behind a disc-loaded collimator. The first detector 
IS a SO mm^ area, 23c^x deep device and the second has a 200 mrn^ area and 
IS lOOti deep. Both are totally depleted. Five i;lectronic discriminator 
levels are used with the first detector. The two upper levels are set above 
the maximum energy a proton can deposit in the detector and tO'.r, are sensi- 
tive to alphas only (actually Z ^ 2). The next two levels are sensitive to pro- 
tons (actually all iens) 't not electrons and the lowest level is sensitive to 
all particles in the appropriate energy range. The sole function of the se- 
cond detector is to inhibit from analysis any penetrating particles. Section 
B provides details about the energy channels. 

The three oinnidi rectional sensors use small cubical lithium-drifted 
silicon detectors, manufactured by SSR, centered under a hemispherical 
sheel and heavily shielded (relative to the hemispherical shielu) over the 
rear 2n solid angle. I^rotons are separated unambiguously from electrons 
by setting the second discriminator level well above the maximum energy an 
electron can deposit in the small semiconductor detector. The fact that dE/dx 
(energy loss per unit path length) is mv>ch greater for protons than for elec- 
trons (in the energy range of geophysical interest) is utilized. The absence 
of electron contamination in the proton channels was verified by electron ir- 
radiation of the sensors. The proton threshold of each of the three sensors was 
determined primarily by the thickness of the hemispherical shield, with the 
energy threshold of the two most lightly shielded units somewhat affected by 
the electronic thresholds as well. The most lightly shielded omnidirectional 
sensor has a third electronic level set above the maximum proton energy 
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Kig. 2. Overall view of The Aerospace Corporation en»‘rgic“S 
particle s p>ectromete r on ATS-6. Omnidirectional 
detectors are housed inside the cylindrical collima- 
tor structure in the foreground. 
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Fig. 3. Schematic block diagram of dctector/electr )nic 
sysvem. 
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d«po»it to provide on alpha particle channel. The two heavier hernia pherical 
ahielda were made of beryllium to minimiae hremaatrahlung and maximiae 
the threahold aharpnesa. The moat lightly ahielded ahield ia aluminum aince 
an aluminum ahield ia much cheaper and the performance difference negligible 
for auch a thin ahield. 

The electronic aub-ayatem of the experiment are ahown achematically 
in Figure 3. The input atage of the pre-ampa utiliae an n-channel field-effect- 
tranaiator. In order to maintain a low ayatem noiae, the input atage ia en- 
cloaed in a ahielded compartment. The characteriatic long-tail pulae from 
the pre-amp ia shaped by a pole-aero ahaping network into a pulae with a 1 
microaecond time conatant. The high level diacriminatora (>8 MeV) are 
driven directly from the output of the ahaping circuit. Output from the 
ahaping network ia also coupled to an operational amplifier which provider 
the additional gain required to trigger the low energy threaholda. Pre-amp 
gain ia set by an adjustable feedback capacitor. Gain of the op-amp is set by 
w feedback resistor. 

The discriminator is esseniially a comparator driving a tunnel diode. 

The threshold voltage is set by a lab-set resistor. Output from the discrimi- 
nator is 0-5 volts pulse with an approximate duration of a microsecond. A 
COS/MOS buffer circuit accepts the 0-5 volts discriminator pulae and pro- 
vides a 0-10 vo!t pulse to interface with the spacecraft encoder. 

Sensor 1 uses two sets of circuits identical to those used for Sensors 
2; 3 ard 4. The front detector of the two detector array has five discrimi- 
nators which drive an inhibit circuit; particles penetrating through ^he first 
detector are thus re.'ected. COS/MOS logic is used to perform the trailing 
edge logic it; the inhibit circuit. Trailing edge logic is used to compensate 
for "walk" in the discriminators. Outputs from the inhibit circuit are also 
buffered to interface with the encoder. 
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A DC -DC converter provide* the required instrument bias voltages. 
Power from the spacecraft is coupled to a series pass stage to limit the 
experiment turn-on transient and protect spacecraft relays. The converter 
section is completely enclosed in an electrostatic shield to minimise un- 
desirable pickup by the counting circuits. Total power consumption is 
475-540 milliwatts, depending on the count rate at which the instrument is 
operating. 

Terminal boards with discrete components and point to point wiring 
are used in the constuction of the amplifiers, discriminators and power supply. 
Printed circuit and integrated circuits are used for the inhibit and buffer cir- 
cuits. Total experiment weight is 2.6 pounds. 

B. D etector Calibration Data 
1. Electron Channels 

Figures 4 and 5 display the electron calibration data in 
graphical form. The El channel employed a directional geometry of 1.6 x 
10 cm -sr, the C2, E3 and E4 channels used an omnidirectional geometry 
and thus the calibration data, obtained with a plane parallel beam, must be 
integrated over the angular acceptance of these detectors in order to arrive 
at the omnidirectional 'efficiency as a function of energy. However, it is 
convenient to define thresholds and geometric factors for obtaining rapid 
estimatr-^ of fluxes. These thresholds and geometric factors are co’culated 
by munerically integrating the response function over various spectral shapes 
and finding the threshold which minimizes the valuation of the calculated geo- 
metic with spectral shape. The results are given in Table 1. 

The proton and alpha particle channels have negligible 
sensitivity to electrons. 
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Fig. 4. Efficiency of detection of electrons in the El 
channel. This channel has a nominal energy 
sensitivity of 140-600 keV. Sensitivity of 
this channel below the nominal electronic 
threshold is associated with the finite noise 
of the detector. 
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Fig. 5. Effective area of the E2, E3 and E4 electron 
channels as a function of electron energy. 
This effective area, when integrated over the 
angular response of the detector, yields the 
omnidirectional geometric factor. 
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TABLE 1 


Channel 

Pasaband or 
Threshold (MeV) 

cG 

El 

C. 140 . 0.600 

. 115 cm^ - ar 

E2 

0. 700 

.00349 cm^ 

E3 

1.55 

.0176 cm^ 

E4 

3.90 

. 0688 cm^ 
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2. Preton Channels 


The proton calibration data for chann'dls PI and P2 are 
shown in Figure 6« The thresholds of these two channels are sharp nfiou,i;:h 
r A E/ 1 where E (• = 90%) - F (c = 10%)] to eliminate the 

need for numerically integrating over the response function. The geometic 
factors of the other proton channels (the ominidrectional sensors) were com- 
puted, and spot-checked at several energies where accelerator protons were 
available. Table 2 gives the results. Unfortunately, ATS-6 weight con- 
straints prevented the use of sufficient back shielding to render back pene- 
tration negligible for all proton spectra. Two different thicknesses of shielding 
covered the rear hemisirfiere and thus each channel has three passbands and 
geometric factors. These "rear passbands" are also given in Table 2. 

In all cases the electron channels are sensitive to protons. However, 
as a general rule, at the synchron'>us orbit the electron fluxes far exceed 
those of the trapped protons. Under unusual conditions, i.e. , during solar 
proton events apparent electron counts can be due to protons. The efficiencies 
of the electron channels for protons are given in Table 3. 

The proton channels car. be triggered by alphas (or higher Z); the relative 
abvindance of alphas to protons renders this contamination negligible. 
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Fig. 6. Efficiency for detection of protons in the PI and P2 
channels of the counter telescope. 



TABLE 2. 


Channel 

Energy 

(MeV) 

G 

Particle 

PI 

2. 3-5. 3 

. 160 cm^ - sr 

P 

P2 

3. 4-5. 3 

2 

. 160 cm - sr 

P 

P3 

9.4-21.2 

2 

. 160 cm - sr 

or 

P8 

13.4-21.2 

. 160 cm^ - sr 

or 

P4 

12-26 

. 0045 cm^ 

P 

P5 

46-100 

. 0048 cm^ 

or 

P6 

20-52 

.0188 cm^ 

P 

P7 

40-90 

. 0412 cm^ 

P 


Rear Paeabande 


P4a 

58-68 

. 0023 cm^ 

P 

P4b 

85-96 

.0017 cm^ 

P 

P5a 

232-265 

.0033 cm^ 

O’ 

P5b 

344-370 

.0031 cm^ 

a 

P6a 

58-86 

.0135 cm^ 

P 

P6b 

86-109 

.0128 cm^ 

P 

P7a 

58-108 

2 

. 0368 cm 

P 

P7b 

86-132 

. 0318 cm^ 

P 
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TABLE 3. 


Channel 

Energy 

(MeV) 

C 

Particle 

El 

line footnote 

2 

. 16 cm - sr 

? 

E2 

12-190 

. 0074 cm^ 

P 

E3 

21-290 

. 0287 cm^' 

P 

E4 

40-520 

.0617 cm^ 

P 


Rear Passbands 


E2a 

58-310 

. 0061 cm^ 

P 

E2b 

86-330 

. 0057 cm^ 

P 

E3a 

58-470 

2 

. 0260 cm 

P 

E3b 

86-490 

. 0244 cm^ 

P 

E4a 

58-550 

. 0595 cm^ 

P 

E4b 

86-650 

. 0565 cm^ 

P 


The Cl electron channel is sensitive to protons with ener^es greater 
than 710 keV. The upper limit of sensitivity is of the order 190’MeV 
without the veto trigger, about 5. 3 MeV when the particle enters, in 
such a way ns to hit the veto detector. 
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i:i. OPERATIONAL HISTORY 


The A« rwspftc* •xparlment on ATS -6 was first powerod in orbit 
on 14 Juna 1974. Tho oxparimant has baan oparating almost continuously 
sines that tima; such briaf shutdowns of tho oxparimant as havo occurrad 
hava boon associatod with tasts of othar axporimants on ATS-6. Savaral 
minor anomalios in tha parformanca of tha oxparimant hava baan obsarvod 
during tha first yoar of oparation; nona of thoso affact tha quality of 
utility of tha data in any significant way and wa considar that all goals c.' 
tha oxparimant ara boing mot. 
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iV. preliminary r^ults 


In this section we present s brief summery of the prel- nery results 
already obtained from our ATS-6 experiment. These summaries are in- 
dications of some of the unique contributions AT'’ -6 data will make to our 
understanding of the behavior of the magnetosphere and the entry and motion 
of solar particles in the magnetosphere. 

A. E>iergetic Electrons 

When the first data on energetic electrons obtained by ATS-6 
was examined, we noticed that the electron fluxes were much more dynamic 
than earlier observations (Paulikas et al. , 1968; 1969, 1971) on ATS-1 had 
indicated. ATS-6 data indicated the virtual disappearance of energetic elec- 
trons during portions of the orbit in the night-time quadrant. Such "dropouts" 
were observed only rarely on ATS-1. In order to make a quantitative check 
on this impression, we obtained data from our experiment from ATS for the 
same time period and have made a direct comparison of ATS-6 and ATS-1 
energetic electron observations. These comparisons are illustrated in 
Figures 7 and 8. Figure 7 illustrates observations made during a magnetic- 
ally quiet period (Day 201) which was proceeded by three days of magnetic 
quiet. In general, ATS-6 and ATS-1 energetic electron count- rates show 
similar behavior. The sharp decreases in flux near 0430 UT and 0630 UT 
visible in the ATS-6 data are the results of substorms. Note that the effects 
of substorm on the energetic electrons are much attenuated at ATS-1 as 
compared to ATS-6. 

We find that during geomagnetic ally active periods, there is a very sub- 
stantial difference in the count-rates observed by the two spacecraft. 
Figure 8 illustrates a comparison of observations made at ATS-6 and ATS-1 
during a disturbed period. Note the total disappearance of flux at ATS-6 
while ATS-1 always observes finite fluxes. 
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Fig. 7. Comparison of energetic electron count-rates 

observed by ATS-6 and ATS-1 during a magnet- 
ically quiet day (Day 201). The three days pre- 
ceeding Day 201 were also quiet. 
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Fig. 8. Comparison of energetic electron count rates 
observed by ATS-6 and ATS-1 during a mag- 
netically disturbed da> (Day 205). 
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Th« differttncaa in phanonnnnology appear to be due to the dl/farant magnetic 
latitudes of the spacecraft. ATS>6 is located at about 10* magnetic latitude at 
its location of 94* W longitude, while ATS«1 is almost exactly on the magnetic 
equator at 150* W. The ~10* difference in magnetic latitude appears to be 
sufficient to place ATS>6. at times, into regions of space devoid of energetic 
electrons. Substorms, for example, as illustrated in Figure 7, have a greater 
effect on the energetic particle population off the magnetic equator. We can 
postulate that, during the later stages of a substorm, the geomagnetic field 
relaxes to more dipole-like configuration and the boundary of energetic par- 
ticle trapping moves inward and equatorward past the ATS-6 spacecraft. 

The comparisons of ATS-6 data with ATS-1, while still preliminary, in- 
dicate a surprisingly steep gradient in the energetic electron population as one 
moves away from the equator, in other words, a disk-like region of trapping 
of energetic electrons near 6, 6 R . 

B. The Solar Proton Event of 4, 5, 6 July 1974 

Several solar proton events have been observed by the ATS-6 
detectors during the first year of operation. Although at the present time 
we are at a relatively quiescent state of the cycle of solar activity, modest 
outburst of protons (and heavy nuclei) were emitted by the sun during Julv 
and September of 1974 and detected by th.~ Aerospace experiment and other 
experiments aboard ATS-6. 

Solar protons of even '■elatively low energy are able to reach the 
synchronous altitude quite readily, without very much decrease in the flux as 
these particles transverse the outer regions of the geomagnetic field. This 
surprising result was first noted by experiments on ATS-1 (Lanserotti, 1968; 
Paulikas and Blake, 1969). The ATS-6 experiments will provide very much 
better insight regarding the trajectories by which solar particles penetrate 
deeply into the magnetosphere, the gradients of solar particle fluxes near the 
synchronous orbits and the effects of electromagnetic waves on the motion 
and lifetime of solar ^articles inside the geomagnetic cavity. 
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An overall view of the July, 1974 eolai' proto a event, ai observed by 
The Aeroepace Corp. experiment on ATS-6, is presented in Figure 9. The 
entire event is quite complex. The complexity arises partly because several 
emission of particlos by the sun, somewhat separated in time, are superim- 
posed and partly because disturbances in the geomagnetic field were also 
affecting the fluxes of solar particles. 

The effect of one such disturbance, a co.Tipression of the geomagnetic 
field (presumably by an interplxnetary shock) on solar protons moving within 
the geomagnetic field, is illustrat«'d in Figure 10. The effect of such a com- 
pression is to increase the observed flux within a given energy channel because 
particles are accelerated. The acceleration process ia identical to that which 
operates in betatrons. Furthermore, the changes in the configuration of the 
geomagnetic field causes the particle flux gradient to move past the detector. 
Study of the time development of flux changes, such as illustrated in Figure 
10, can give iriormation regarding the way particles interact with the spec- 
trum at electi omagnetic waves created during geomagnetic activity (Paulikas 
and Blake, 1970). 
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V. 


SUMMARY 


After mor« than a yaar of oparation in orbit, tha Aarospaca 
Corporation axparimant continuaa to provida axcallant data. All daiign 
goal! of tha axparimant hava baan mat. Whila data analyaia ia atill 
in tha preliminary stagaa, it is clear that our experiment on ATS- 6 will 
provida new and unique data regarding tha behavior of energetic elec- 
trons at tha synchronous altitude. In particular, correlation of ATS- 6 
data with data from other synchronous orbit spacecraft now operating 
(ATS-1, ATS-S) or planned for the future launches (GEX3S) will give a 
much more complete view of tha magnatospheric processes operating 
at high altitudes. 
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PneedlH pice Mink 



«fc— M— I w i wn — to paat t ti ataMaylMNa. elMMical i'McMcm 
• f «Mtt(i4 tpitit Im rMkat plum, ekwaleal pUtm md 

U— #-!■<■■■< rcMllMa. lM«r clmalatry, prtpw l it— ipM* newmt 

mi ndUiUm •ll»€ to MMrUla. IvkrlcMM aa4 Mrtee* plmiaaMiM. p l i rt i 
•Malllv* ■Mtotlala mtd tmu 0 r». Ugh pNdtlaa Um* nagUig, tmi th* ippU- 
•■IlM «f pkr*l** ckMalatvy t* proU«M •( Imt MforcMBM* aai Mmm4U1m 

BtUrgiHf KUctwmM— «>«o nr. 

■ f iptu— p»— owM— . muiaip pi— m •UcUmmumHc*; f iBhn alscttMlcf 
Umm. Mi •iMtvo-opttctt coonMleMlM aciMcaf, appUai alacttMica, aaai< 
caaiadiag. ai^araaMaattag. aai eryatal iavtca phyalca. aMcal aai aaaaatlaal 
t—ipl-pT alaaaafiMttc paUaHaas y' lUmalar ar a aa aai far>litfrarai »v fh aalapy. 


MHariala IcttMaa LaW? at»y PMalapamt a< aaw amartaUt iMlal 
aaalfiieMaipaattaa aai aaw fanaa of carbaat taal aai aaalaaMoa ot prapMia 
aai caraBdea ta raaatryt apaeaarall atatariala aai alactaaalc cuiivoaaalt la 
aaelaar waapaaa aaviraamaal: appUcallM ot fractara atachaalea la atraaa car* 
raalM aai faHpaa-laiaeai fradaraa la alraelaral atalala. 

laaca Phyalca Labar^ r»» Atmaapkarlc aai laaoa^Mrlc pkyatca. raala- 
Mm Iraaa ika ahnaapaara, Ja n- / aai caeopoaitiM af tka ataMaphara, aararaa 
aai airglaat niagaatnapliartr payalca. caamic raya, gaaarallaa aai prapagaliM 
af alaam wavaa la Ika aiagaalaapkcra: aalar pky^ca. atailaa af aaUr aac^pMllc 
flam: apaca aalraaaaay, a*ray aa lr eaa afiy ; Ika affada af M c laa r aidlaalaaa, 
wagaatlc atonaa. aai aalar adtrlly aa Ika aarlk'a almb/'f;kara, laaaapkara. aai 
aaagaalaapkara; Ika affada af apMcal, alarlrawiagadic, a ai parllcalata raila- 
llaaa la apaca m apaca ayalaau. 
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